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ABSTRACT 

A  test  program  has  been  conducted  to  provide  ramjet 
test  facility  bypass  flow  second  throat  diffuser  pres¬ 
sure  recovery  data  at  a  nominal  nozzle  exit  Mach  number 
of  11.0.  During  the  tests,  studies  were  made  to  determine 
the  effects  of  Reynolds  number,  diffuser  throat  length, 
inlet  capture,  area,  and  other  variables. 

The  pressure  recoveries  obtained  during  the  testing 
proved  to  be  somewhat  better  than  the  original  expecta¬ 
tions.  The  peak  running  pressure  recovery  was  over  60$ 
of  free  stream  normal  shock  recovery  with  the  adjustable 
diffuser.  Starting  pressure  recoveries  were  somewhat 
lower  and  ranged  mostly  from  20$  to  30$  of  normal  shock. 


AEDC-TS-66-138 


TABLE  OF  CONTENTS 


Page 

ABSTRACT .  .  .  . 

CONTENTS . ’  * 

LIST  OF  SYMBOLS  . 

*  *  '  *  •  •  V 

1.0  INTRODUCTION  .  , 

2.0  APPARATUS . *  3 

3.0  TEST  PROCEDURE . *  g 

4.0  DATA  CORRELATION  METHODS  .  n 

5.0  RESULTS  AND  DISCUSSION .  ]4 

6,0  EMPIRICAL  EQUATIONS  FOR  PREDICTING  DIFFUSER 

PERFORMANCE .  24 

7.0  CONCLUSIONS .  27 

REFERENCES .  28 

LIST  OF  SYMBOLS 

A  Area 

A*  Throat  area  (general) 

Acore  Facility  nozzle  exit  potential  flow 

core  area 

Effective  Ef  f  ect  i  ve  area 

Ai  Ramjet  inlet  geometric  capture  area 

Af  Ramjet  inlet  throat  area 

AN  Facility  nozzle  geometric  exit  area 

ANE  Facility  nozzle  effective  exit  area 

aNT  Facility  nozzle  throat  area 

AS  Scavenging  scoop  frontal  area 

AST  Bypass  flow  diffuser  second  throat  area 

^1  Constant  in  empirical  equation  for  minimum 

starting  second  throat  area 

^2  Constant  in  empirical  equation  for  minimum 

running  second  throat  area 


AEDC-TR-66-T3B 


l 

M 

M 

M 

P 

P, 


nozzle 


ST 


ideal 


exh 


wall 

Re 

6 

6* 

r\ 

11  NS 


MIN 


Distance  along  nozzle  from  throat 
Mach  number 

Nozzle  exit  Mach  number 

Ideal  diffuser  second  throat  Mach  number 

Pressure 

Stagnation  pressure 

Upstream  nozzle  stagnation  pressure 

Stagnation  pressure  immediately  upstream 
of  shock  wave 

Stagnation  pressure  downstream  of  shock 
wave 

Temperature 

Bypass  diffuser  outlet  stagnation  temperature 
Nozzle  stagnation  temperature 

Nozzle  and  diffuser  wall  temperature 
Reyno  Ids  number 
Boundary  layer  thickness 
Boundary  layer  displacement  thickness 
Ef  f i c i ency 

Normal  shock  efficiency 

Corrected  efficiency 

P  P 

Pressure  ratio  -  t q/  1 2 
Minimum  running  pressure  ratio  across 
bypass  d i f f user 
Cowl  flare  angle 


vi 


A  E  DC-T  R-66-1  38 


1.0  INTRODUCTION 

In  a  free-jet  ramjet  test  facility,  the  pressure 
recovery  in  the  flow  which  bypasses  the  engine  influ¬ 
ences  the  size  and  cost  of  the  exhausters  required. 
Furthermore,  it  is  important  from  a  cost  standpoint 
that  the  smallest  possible  facility  be  built  for  the 
engine  to  be  tested.  Consequently,  the  facility  de¬ 
signer  must  have  an  accurate  knowledge  of  the  attain¬ 
able  bypass  flow  second  throat  diffuser  pressure  re¬ 
covery  and  be  able  to  select  the  maximum  permissible 
or  optimum  i n 1 et-to-nozz 1 e  exit  area  ratio. 

References  1  through  10  contain  second  throat 
diffuser  pressure  recovery  data  for  Mach  numbers  up 
to  7.0.  In  the  current  program,  bypass  diffuser  pres¬ 
sure  recovery  data  were  obtained  at  a  nominal  Mach  of 
11.0  because  of  the  need  for  full  scale  hypersonic 
testing  of  scramjet  engines  at  such  a  Mach  number. 

Since  hypersonic  ramjet  engines  may  be  relatively 
short  and  could  have  short  cowls,  it  becomes  practical 
to  simulate  the  external  flow  field  over  the  entire 
engine  rather  than  just  simulating  the  inlet  flow 
field.  This  being  practical,  it  appeared  mandatory 
to  consider  a  facility  configuration  in  which  the  inlet 
was  completely  independent  of  the  bypass  diffuser  rather 
than  forming  a  part  of  it.  Consequently,  the  current 
facility  model  contains  an  engine  exhaust  scavenging 
scoop  and  the  entire  inlet  and  engine  is  modeled. 

Two  inlet-engine  combinations  were  built  for  this 
contractj  one  corresponding  to  A-/Ak,  =  .225, and  the 
other,  sma  1 1  er,  mode  1  tc  Aj/A^  =  .156.  in  addition, 
two  scavenging  scoop  diameters  were  provided;  one  for 
the  large  engine  model, and  the  other  for  the  small 
engine  model.  Tests  were  conducted  with  and  without 
the  engine  models  installed.  For  one  test,  the  capture 
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area  of  the  scavenging  scoop  was  completely  filled  with 
a  large  spike.  The  complete  test  program  is  outlined 
in  Table  1 . 
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2.0  APPARATUS 

In  order  to  provide  the  experimental  data  required 
under  the  subject  contract,  ramjet  test  facility  models 
were  designed,  built  and  tested  at  FluiOyne  Engineering 
Corporation.  These  models  and  the  support  facilities 
used  during  the  tests  are  described  below. 

2.1  GENERAL  FACILITY  DESCRIPTION 

The  AEDC,  second  throat  diffuser  tests  were  con¬ 
ducted  at  FluiDyne  Engineering  Corporation's  Medicine 
Lake  Laboratory.  This  laboratory  contains  what  is 
known  as  the  FluiOyne  Hypersonic  Flight  Simulation 
Facility.  Among  the  facility  components  used  for  these 
diffuser  tests  were  the  500  ps i  and  the  5000  psi  air 
supplies,  the  zirconia  storage  heater,  and  the  vacuum 
system  (Figure  1). 

The  5000  psi  air  supply  was  used  to  provide  the 
primary  AEDC  facility  model  air  flow.  This  air  is 
stored  in  a  60  cu.  ft.  tank  which  is  recharged  between 
runs.  A  run  time  of  approximately  50  seconds  was 
attainable  at  Pq  =  1500  psi.  The  facility  model  air 
flow  was  heated  to  the  desired  temperature  by  passing 
it  through  the  zirconia  pebble  bed  storage  heater. 

Air  temperatures  as  high  as  3000°R  were  used.  The 
faci lity  model  exhaust  flow  was  run  into  a  vacuum  tank 
to  provide  adequate  overall  pressure  ratio. 

The  facility  model  consisting  of  Mach  11  nozzle, 
engine  model,  bypass  f low  d i f fuser ,  etc.,  was  attached 
to  the  pebble  bed  heater  air  outlet.  Figure  2  shows 
the  layout  of  the  test  setup.  Photos  of  the  test  setup 
and  engine  models  appear  in  Figure  3.  The  individual 
facility  model  components  are  discussed  in  d'.'tni1  in  the 
following  subsections. 
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2.2  THE  MACH  11  NOZZLE 

The  nozzle  used  to  produce  flow  for  the  facility 
model  test  is  the  same  flow  generating  nozzle  as  is 
customari ly  used  in  conjunction  with  FluiDyne's  hyper¬ 
sonic  wind  tunnel.  The  nozzle  was  originally  designed 

to  produce  M  =  14  flow  at  P,  =  2000  ps i  and  T  =  4000°R. 

i  o 

Coordinates  computed  by  WADC  using  the  Cresci  method 
for  a  source  flow  half  angle  of  8°  were  used  for  the 
nozzle  potential  flow  contour.  The  nozzle  was  subse¬ 
quently  provided  with  an  enlarged  throat  making  it 
possible  to  obtain  good  quality  flow  at  a  lower  hyper¬ 
sonic  Mach  number  {between  11.0  and  12.0,  depending  on 
the  total  pressure  and  temperature}.  A  typical  nozzle 

calibration  obtained  at  Pt  m  1050  ps i  and  T  =  3250°R 

o  o 

appears  as  Figure  4.  The  nominal  Mach  number  of  11.0 
corresponds  to  an  effect i ve-to-geometr i c  area  ratio  of 
ANE/AN  =  0  .68  while  the  ratio  of  potential  flow  core 
area-to-nozz le  geometric  area  is  0.275.  Ouring  the 
current  testing  at  2000*R  stagnation  temperature,  the 
indicated  Mach  number  was  11.3  so  the  proper  effective- 
to-geometric  area  ratio  for  the  tests  is  0.65. 

2.3  THE  INLET  AND  ENGINE  MODEL 

To  minimize  facility  size  and  exhauster  capacity 
requirements,  it  is  desirable  to  make  the  facility 
nozzle  exit  diameter  as  small  as  possible  relative  to 
the  engine  size  contemplated  at  the  expense  of  facility 
pressure  recovery.  For  Mach  numbers  in  the  hypersonic 
regime,  it  is  the  nozzle  potential  flow  core  diameter 
which  limits  the  engine  s i ze-to-nozz 1 e  geometric  area 
ratio.  This  diameter  can  be  estimated  by  making  an 
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emp  » r i ca 1  calculation  of  the  nozzle  exit  boundary  layer 
thickness  using  the  following  equation 


8  0.8 


where  t  is  the  nozzle  length  and  Re  is  the  Reynolds 
number  per  foot  at  the  nozzle  exit  multiplied  by  the 
nozzle  length.  In  the  current  situation,  the  potential 
flow  core  diameter  was  known  to  be  10.5  inches  and  an 
inlet  capture  area  of  80*  of  the  core  area  was  selected 
as  being  as  large  as  practical.  Two  engine  models  were 
built,  one  with  the  maximum  practical  inlet  capture 

area  of  71  sq.  in.  and  a  second  with  a  capture  area  of 
49  sq.  in. 

Because  of  the  desirability  of  directly  measuring 
engine  thrust  in  the  full  scale  facility,  the  inlet 
model  shrouds  were  not  designed  to  be  part  of  the  by¬ 
pass  diffuser  while  in  the  testing  reported  in  Refer¬ 
ence  10  an  extension  of  the  inlet  cowl  formed  the  inner 
wall  of  the  bypass  diffuser  annulus.  The  complete 
inlet-engine  combinations  were  modeled  and  mounted 
independently  of  the  diffuser  between  the  nozzle  exit 
and  the  diffuser  pickup  (Figure  2).  This  necessitated 
the  inclusion  of  an  exhaust  scavenging  scoop  plus  an  air 
injection  system  incorporated  in  the  engine  model  to 
simulate  the  volume  flow  increase  due  to  heat  addition 
so  that  the  capturing  of  the  exhaust  plume  could  be 
studied.  The  secondary  air  supply  system  was  sized  to 
permit  unstarting  of  the  inlet.  The  spikes  have  a 
constant  cone  angle  of  12.5°.  The  internal  contraction 
was  limited  to  0.75  to  insure  inlet  starting  since  there 
were  no  means  provided  to  mechanically  vary  the  inlet 
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contraction  ratio.  An  overall  contraction  ratio  of 
0.23  resulted.  The  design  of  the  inlet-engine  com¬ 
binations  was  selected  on  the  basis  of  References  II 
through  22  and  by  customer  directives.  A  photo  of 
the  inlet-engine  models  appears  in  Figure  3.  The 
models  were  enclosed  by  the  hypersonic  wind  tunnel  test 
cabin  and  windows  in  the  test  cabin  permitted  schlieren 
viewing  of  the  inlet  and  exhaust  flow  field. 

Under  the  total  pressure,  total  temperature,  and 
Mach  number  condition  required  for  these  tests,  it  was 
not  necessary  to  cool  the  inlet-engine  models.  The 
models  were  built  from  mild  steel. 

2.4  THE  BYPASS  FLOW  SECOND  THROAT  DIFFUSER 

The  bypass  flow  diffuser  system  consisted  of  a  12- 
inch  nominal  diameter  engine  exhaust  scavenging  scoop 
and  a  surrounding  annular-adjustable  bypass  flow  second 
throat  diffuser.  Second  throat  diffuser  area  variation 
was  provided  by  a  fixed  outer  cone  shell  and  an  axially 
adjustable  central  cone  which  rode  on  the  0.0.  of  the 
scavenging  scoop  pipe.  This  is  essentially  the  same 
method  of  area  adjustment  used  in  Reference  10.  For 
the  current  design,  both  the  inner  and  outer  cone  angles 
were  10°.  A  length  of  essentially  constant  effective 
diffuser  throat  area  was  formed  between  the  inner  and 
outer  cones  to  provide  efficient  deceleration  to  sub¬ 
sonic  flow.  Additional  throat  length  was  provided  by 
an  inner  cone  extension.  The  variation  of  diffuser 
throat  length-to-annu  lus  height  rat  to  with  inner  cone 
axial  location  is  shown  in  Figure  5. 

A  double  ended  air  cylinder  with  35  inches  of 
piston  travel  was  used  to  drive  the  inner  cone.  The 
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outer  (free)  end  of  the  piston  rod  was  ruled  to  give  a 
direct  indication  of  diffuser  inner  cone  position  which 
could  then  be  directly  related  to  diffuser  throat  area 
(Figure  6).  Details  of  the  general  diffuser  design 
appear  in  Figure  2.  Figure  3  contains  photographs  of 
the  difiuser  and  components. 

Two  inlet-engine  models  and  corresponding  scavenging 
scoops  were  designed  to  study  the  effect  of  engine  size; 
a  twelve  inch  inside  diameter  scoop  size  used  with  the 
larger  engine  model*  and  a  10  inch  I.D.  size  obtainable 
by  installing  a  conical  ring  insert  in  the  upstream  end 
of  the  12  inch  scoop  (see  Figure  2).  Tests  were  made 
with  the  engine  models  removed  leaving  only  the  scav¬ 
enging  scoop.  In  addition,  a  configuration  was  tested 
which  consisted  of  a  center  spike  only  with  no  capture 
area. 

On  the  basis  of  extensive  M  =  11  testing  in  the 
hypersonic  tunnel,  it  was  considered  safe  to  eliminate 
water  cooling  of  the  diffuser  components  because  the 
heat  flux  was  low  enough  so  that  the  structure  was  an 
adequate  heat  sink. 

2.5  THE  FACILITY  EXHAUST  SYSTEM 

The  flow  from  the  scavenging  scoop  and  that  from 
the  bypass  flow  diffuser  were  mixed  in  a  26  inch  I.D. 
exhaust  tube  before  passing  through  the  hypersonic 
wind  tunnel  after-cooler  into  the  33,500  cu.  ft.  vacuum 
sphere.  It  was  anticipated  that  the  ejector  action  of 
the  relatively  high  energy  flow  from  the  scavenging 
scoop  pipe  exit  would  help  to  pump  the  lower  energy 
bypass  flow. 
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2.6  INSTRUMENTATION 

In  addition  to  the  stagnation  pressure  and  tem¬ 
perature  measuring  location,  pressure  taps  were  located 
at  strategic  points  on  the  nozzle,  inlet  and  engine 
model,  and  bypass  flow  diffuser  so  that  the  flow  process 
could  be  readily  interpreted.  Figures  2  and  7  show  the 
location  of  most  of  the  measuring  points.  Table  2  con¬ 
tains  a  list  of  the  measurements  made,  the  instrument 
used  to  make  the  measurement,  and  the  stated  accuracy 
of  the  instrument.  In  almost  all  cases,  transducers 
giving  an  electrical  output  were  used  as  the  measuring 
instruments.  Their  outputs  were  recorded  on  18  channel. 
Consolidated  Electrodynamics  recorders  which  use  light 
beam  galvanometers  with  light  sensitive  chart  paper. 

A  sensitive  double  pass  schlieren  optical  system 
designed  and  built  by  FluiDyne  for  flow  visualization 
in  the  hypersonic  tunnel,  was  used  to  study  the  inlet 
and  engine  exhaust  flow  field.  It  could  be  observed 
if  the  facility  nozzle  was  started,  if  the  inlet  was 
started,  and  how  well  the  engine  model  exhaust  was 
being  captured  by  the  scavenging  scoop. 
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3.0  TEST  PROCEDURE 


3.1  RUN  PROCEDURE 

Several  kinds  of  information  were  desired  from  the 
testing  and  a  number  of  different  run  procedures  were 
devised  to  get  this  information  with  a  minimum  of  runs. 
The  testing  primarily  involved  the  determination  of 
minimum  starting  throat  areas,  minimum  running  throat 
areas  and  starting  and  running  pressure  ratio  require¬ 
ments.  Regardless  of  the  configuration,  these  tests 
usually  began  by  finding  the  minimum  starting  diffuser 
throat  area  and  the  minimum  running  pressure  ratio  near 
the  starting  area  setting.  This  was  accomplished  by 
bringing  the  tunnel  stagnation  conditions  up  to  the 
desired  running  value  and  then  opening  up  the  diffuser 
throat  until  the  facility  flow  reached  the  "started1* 
condition.  At  this  point  the  vacuum  valve  was  closed 
so  as  to  backpressure  the  diffuser  and  get  the  pressure 
ratio  at  which  flow  broke  down. 

The  next  test  sequence  provided  the  starting  pres¬ 
sure  ratio  as  well  as  the  minimum  running  diffuser  throat 
area,  which  was  obtained  by  closing  the  diffuser  throat 
until  the  flow  unstarted.  The  third  test  sequence  gave 
a  check  on  the  starting  pressure  ratio  and  the  running 
pressure  ratio  at  a  diffuser  setting  near  the  minimum 
running  position.  For  this  third  sequence  the  facility 
model  was  started,  Lhe  diffuser  throat  closed  to  a 
reasonable  running  value,  and  the  downstream  vacuum 
valve  closed  to  cause  unstart. 

A  fourth  procedure  was  used  to  see  if  it  would  be 
possible  to  operate  the  facility  with  the  engine  inlet 
in  a  subcritical  condition.  For  all  of  the  tests  with 
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the  engine  model  installed,  combustion  was  simulated  by 
adding  air  to  the  captured  flow  inside  of  the  model. 
Placing  blockage  downstream  of  the  air  injection  station 
within  the  model  made  it  possible  to  unstart  the  inlet 
(cause  subcritical  operation)  by  adding  sufficient  air 
and  this  was  done  for  one  of  the  tests. 

3.2  BETWEEN  RUN  ACTIVITIES  AND  DATA  REDUCTION 

Between  runs,  the  vacuum  tank  was  pumped  down,  the 
air  supply  tanks  were  pumped  up,  the  heater  bed  tem¬ 
perature  brought  back  up  to  the  required  prerun  value 
and  calibration  of  the  pressure  transducers  was  accom¬ 
plished.  Calibration  consisted  of  applying  known  pres¬ 
sures  to  the  transducers  and  measuring  the  recorder 
trace  deflection.  The  time  between  runs  was  also  used 
to  plot  up  the  calibrations  (pressure  versus  trace 
deflection)  and  to  reduce  the  data  from  preceding  runs. 
Data  reduction  involved  reading  out  manometer  photo¬ 
graphs  and  using  the  calibrations  to  read  pressures 
and  temperatures  off  the  recorder  chart.  From  in¬ 
spection  of  the  recorder  chart  for  a  particular  run, 
it  was  usually  possible  to  tell  immediately  if  and 
when  starting  and  unstarting  of  the  facility  nozzle 
and  inlet  took  place  during  the  run.  The  points  read 
out  were  those  corresponding  to  start  or  unstart.  The 
pressure  data  were  used  to  determine  overall  pressure 
ratio  requirements,  inlet  recovery,  and  local  pressures. 
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4.0  DATA  CORRELATION  METHODS 

The  methods  of  correlating  the  data  for  the  current 
test  program  will  be  essentially  the  same  as  those  intro¬ 
duced  in  Reference  10.  The  development  of  the  methods 
is  discussed  in  Section  4.0  of  Reference  10  and  is  i n- 
cluded  in  this  report  as  an  appendix.  In  the  following 
subsections,  the  various  correlation  equations  are  re* 
v i ewed . 

4.1  DIFFUSER  EFFICIENCY 

In  addition  to  presenting  the  inverse  of  the  pres¬ 
sure  recovery  directly  as  the  ratio  P t Q/ P 1 2 #  two  defini¬ 
tions  of  diffuser  efficiency  will  be  used.  The  first  of 
these  is  the  customary  normal  shock  efficiency,  ri  where 

IS  ^ 

the  actual  pressure  recovery  is  compared  to  the  pressure 
recovery  across  a  normal  shock  at  the  undisturbed  free 
stream  Mach  number. 
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(4.  1) 


The  second  definition  of  diffuser  efficiency  was 
developed  in  Reference  10  and  is  referred  to  as  the 
corrected  efficiency,  hp.  In  this  definition,  the  actual 
pressure  recovery  is  compared  to  the  pressure  recovery 
across  a  normal  shock  at  the  ideal  diffuser  throat  Mach 
number,  ST  j  ^  ea  j  *  The  equation  corresponding  to  this 
definition  is  presented  here  in  slightly  different  form 
than  it  was  in  Reference  10  since  it  is  the  scavenging 
scoop  area,  Ag,  rather  than  the  engine  inlet  area  A;, 
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which  determines  how  much  of  the  total  flow  remains  to 
go  through  the  bypass  flow  second  throat  diffuser. 


for  (5.  0  £  M  £  ■ ) 


This  definition  of  efficiency  accounts  for  tunnel 
geometry,  boundary  layer  growth,  etc.,  so  that  r\  remains 
reasonably  constant  over  a  wide  range  of  geometries  and 
test  conditions.  For  wind  tunnels  having  adequate  dif¬ 
fuser  throat  lengths  qp  =  0.80  is  typical  while  for 
ramjet  test  facility  diffusers,  the  value  is  somewha t 
lower  at  ti  «  0.60. 


4.2  THE  MINIMUM  STARTING  SECOND  THROAT  AREA 

In  order  to  correlate  minimum  starting  throat  area 
data,  a  correlation  constant  was  defined  in  Reference 
10  such  that  was  the  ratio  of  the  actual  minimum 
starting  second  throat  area  to  the  ideal  minimum  starting 
throat  area  based  on  one— d i mens i o na 1  flow.  The  equation 
def i n i ng  K j  is 


(— S.T  )  (i  .  tl) 

aN  ~  AS  min  start _ An' 

/A-*+Ac-A;  V 

0.62  -  (_! - § _ 

Am 


(4.3) 


As  in  Equation  4.2,  the  quantities  included  in  the  above 
equation  are  slightly  different  from  those  as  presented 
in  Reference  10,  that  is,  A<.  is  used  in  place  of  the  inlet 
area  A . . 
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4.3  THE  MINIMUM  RUNNING  SECOND  THROAT  AREA 

The  minimum  running  second  throat  area  for  an 
adjustable  diffuser  is  limited  by  the  onset  of  boundary 
layer  separation  in  the  throat  region.  The  occurrence 
of  separation  is  related  to  the  relative  boundary  layer 
displacement  thickness  and  the  strength  of  disturbances 
originating  near  the  diffuser  entrance.  In  Reference 
10,  a  correlation  equation  was  developed  which  accounted 
for  these  factors  and  yielded  an  empirical  coefficient 
«2  which  hopefully  would  be  a  constant  which  could  be 
applied  to  predict  minimum  running  second  throat  for 
untested  situations.  This  correlation  equation  is 


(  *ST  k  ) 

L  N  J 

0.6  . 

aN 

'  A  -  A  / 

_  N  S  m  i  n  r  un 

r ( p2/pi 1 e 

1  1  9c  +1 

(fypj  on 

L  l  1  sep  J 

(i  -  i 

an 

(4.4) 


The  ratio  (^^l  ^sep*  relates  the  pres¬ 

sure  rise  produced  by  the  diffuser  entrance  disturbance 
with  that  required  for  separation,  is  plotted  as  a 
function  of  Mach  number  in  Figure  8. 


The  correlation  of  wind  tunnel  and  ramjet  facility 
data  presented  in  Reference  10  resulted  in  an  average 
«2  of  16.0.  Inclusion  of  the  test  results  reported 
in  Reference  11  resulted  in  a  K2  of  17.5  for  closed 
jet  or  closed  gap  facilities  and  22.0  for  open  jet  or 
open  gap  f ac i  litres. 
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5.0  RESULTS  AND  DISCUSSION 


5.1  GENERAL 

The  bypass  flow  second  throat  d i f fuser  pressure 
recoveries,  normal  shock  efficiencies,  and  corrected 
efficiencies  are  plotted  in  Figures  9,  10,  and  11. 

An  overall  pressure  ratio  of  X  =  1040  represents  the 
best  performance  attainable  with  either  engine  model 
installed.  This  corresponds  to  a  normal  shock  effi¬ 
ciency  of  approximately  59*.  Figures  9,  10,  and  II 
also  show  minimum  starting  and  minimum  running  diffuser 
throat  areas.  Final  correlations  of  starting  and  run¬ 
ning  throat  data  appear  as  Figures  12  and  13. 

Figures  14  and  15  present  local  pressure  data 
and  bypass  diffuser  pressure  distribution  data.  The 
diffuser  pressure  distributions  are  plotted  for  a 
number  of  diffuser  backpressure  situations  up  to  near 
unstart . 

Schlieren  photos  of  the  started  inlet  and  the  ex¬ 
haust  flow  field  are  shown  in  Figure  16.  On  the  basis 
of  a  pitot  probe  on  the  i.nlet  spike  tip,  the  free 
stream  Mach  number  during  all  tests  averaged  11.3. 

Most  of  the  testing  was  accomplished  with  a  stag¬ 
nation  pressure  of  1500  ps i  and  a  stagnation  tempera¬ 
ture  of  2000°R. 

5.2  DIFFUSER  PERFORMANCE 

Starting  and  running  pressure  ratios  and  throat 
areas  come  under  the  heading  of  diffuser  performance. 
This  subsection  contains  a  discussion  of  the  influence 
of  a  variety  of  geometric  and  aerodynamic  variables  on 
diffuser  performance. 
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5.2.1  Starting  Pressure  Ratio  and  Throat  Area 

The  major  geometric  change  applied  during  the  tests 
involved  removal  of  the  engine-inlet  model  and  the  sub¬ 
stitution  of  a  spike  centerbody  to  cover  the  end  of  the 
5  inch  air  supply-engine  model  support  tube.  Results 
obtained  with  the  engine  model  installed  will  be  dis¬ 
cussed  first. 


5.2. 1.1  Largo  Engine  Model  Installed 

Starting,  with  the  engine  model  installed,  was 
accomplished  with  no  engine  injection  air  since  the 
actual  facility  would  be  started  before  engine  ig¬ 
nition  took  place.  By  raising  the  facility  mode  1  stag¬ 
nation  pressure  to  the  running  level  and  then  opening 
the  diffuser  throat  (Run  3),  it  was  found  that  the 
starting  second  throat  area  ratio  for  this  configuration 
*s  ^  =  0.90  as  shown  in  Figure  9.  This  is 

31J  higher  than  the  theoretical  value  or,  i.e.,  —  1.31. 

Kj  values  for  all  configurations  are  presented  in  Figure 

12. 

At  a  diffuser  area  ratio  setting  of  0.97 ,  the 
starting  pressure  ratio  across  the  bypass  diffuser  was 
found  to  be  3500  for  the  large  engine  configuration 
(Runs  4  and  5)  which  corresponds  to  a  starting  recovery 
of  only  18%  or  normal  shock  recovery.  Apparently,  the 
scavenging  scoop  removes  most  of  the  flow  during  the 
starting  process  and  starves  the  bypass  diffuser  (a 
phenomenon  described  on  Page  30  of  Reference  10). 

However,  when  the  scavenging  scoop  "steals"  most  of 
the  flow,  the  ejector  action  where  the  scoop  and  by¬ 
pass  flows  are  remi'xed  is  improved.  Consequently,  the 
overall  starting  pressure  ratio  between  stagnation  pres¬ 
sure  and  mixing  tube  exit  was  only  2160  corresponding  to 
29%  of  normal  shock  starting  recovery. 
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The  basic  configuration  described  above  consisted 
of  the  shorter  of  the  two  bypass  diffuser  throats  (see 
Figure  5  for  charac t er i s t i cs )  and  had  an  extension  on 
the  bypass  diffuser  pickup*  Test  results  from  the  short 
and  long  diffuser  throat  configurations  revealed  no  d i f- 
ference  in  either  starting  or  running  performance  be¬ 
tween  the  two  (Runs  3  through  8)  so  the  short  configura¬ 
tion  alone  was  .used  for  the  engine-out  tests  'and  the 
tests  with  a  reduced  size  engine  model.  The  diffuser 
cone  could  probably  have  been  shortened  to  80*  of  the 
shortest  length  tested  without  reducing  the  pressure 
recovery  because,  under  the  running  conditions,  the 
length  to  hydraulic  diameter  ratio  of  the  constant 
area  throat  was  about  25*  longer  than  ordinarily  re¬ 
quired  for  adequately  efficient  shockdown. 

One  run  was  made  with  the  diffuser  scoop  extension 
removed.  The  overall  starting  pressure  ratio  and  by¬ 
pass  diffuser  pressure  ratio  both  equalled  3301  for  only 
19*  of  normal  shock  starting  pressure  recovery.  The 
remainder  of  the  testing  was  done  with  the  scoop  ex¬ 
tension  in  place. 


5.2. 1.2  Small  Engine  Model  Installed 

With  the  reduced  size  engine  model  and  scavenging 
scoop,  the  facilitymodel  started  with  Agp/(AN  -  Ag)  =  0.725 
which  corresponds  to  K ,  =  1.10  (Run  19).  The  starting 
pressure  ratio  across  the  bypass  diffuser  at  a  diffuser 
setting  of  0.80  was  2700  while  the  overall  pressure  ratio 
was  only  2000  (Runs  20  and  21).  These  pressure  recovery 
values  correspond  to  normal  shock  efficiencies  of  23* 
and  31*,  respect i ve 1 y. 

5. 2. 1.3  Engine  Model  Out 

Tfce  initial  tests  with  the  engine  out  were  conducted 
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with  the  5  inch  engine-mode)  support  tube  capped  over 
by  a  small  diameter  spike.  With  this  spike,  both  the 
large  scavenging  scoop  configuration  and  the  reduced 
scavenging  scoop  configuration  failed  to  start  consist¬ 
ently;  in  fact,  only  the  reduced  size  scoop  configura¬ 
tion  started  at  all,  and  this  happened  only  once  in 
three  attempts.  It  was  felt  that  "bypass  diffuser 
starvation  was  again  a  factor,  so  the  spikes  covering 
the  5  inch  support  tube  were  enlarged  to  make  the 
scavenging  scoop  into  a  reasonably  efficient  inlet 
with  a  small  throat  and  thereby  increase  spillage 
during  the  starting  process.  These  designs  are  shown 
in  Figure  2 . 

With  the  revised  spikes,  the  engine  out  config¬ 
urations  could  be  started  consistently.  The  starting 
throat  areas  were  the  same  as  they  were  with  the  en¬ 
gines  installed,  namely:  Ast/{An  -  A$)  =0.90  for  the 
large  scoop  and  0,73  for  the  small  scoop  (Runs  12  and 
15).  These  values  correspond  to  values  of  1.13 
and  1.02,  respectively.  The  starting  pressure  ratio 
across  the  bypass  diffuser  with  the  large  scoop  size 
(Run  13)  was  very  high  (4850)  at  Asy/ ( AN  -  A$)  =  1.0, 
indicating  that  the  starvation"  problem  associated 
with  the  original  failure  to  start  was  not  entirely 
avoided  by  adding  the  larger  spike.  Again,  this  re¬ 
sulted  in  improved  ejector  performance  in  the  mixing 
tube  so  that  the  overall  starting  pressure  ratio  was 
only  2360  (27%  of  normal  shock  starting  recovery). 

At  ^ST^^N  ”  =  (Run  16),  a  bypass  diffuser 

starting  pressure  ratio  of  only  2160  was  required 
for  the  reduced  size  scavenging  scoop  which  indicated 
no  "starvation".  There  was  no  appreciable  difference 
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between  this  and  the  overall  pressure  ratio  so  both  gave 
starting  pressure  recoveries  corresponding  to  291  of 
normal  shock. 

At  the  end  of  the  test  program,  the  downstream  end 
of  the  scavenging  scoop  was  instrumented  and  a  special 
run  (Run  22)  was  made  with  this  configuration  to  deter¬ 
mine  the  primary  flow  conditions  entering  the  down¬ 
stream  mixing  tube.  Of  special  interest  was  the  starting 
situation  when  a  large  share  of  the  total  flow  passes 
through  the  scavenging  scoop.  During  both  starting  and 
running  the  static  to  pitot  pressure  at  the  scoop  pipe 
exit  was  approximately  equal  to  .20  which  corresponds 
to  an  exit  Mach  number  of  1.70. 

5.2.2  Running  Pressure  Ratio  and  Throat  Area 
5.2.2. 1  Large  Engine  Model  Installed 

All  of  the  engine  model- i nsta 1  led  running  diffuser 
performance  data  were  obtained  with  air  injection  in 
the  model  to  simulate  the  volume  increase  due  to  com¬ 
bustion  and  the  resulting  exhaust  plume.  A  schlieren 
photo  showing  the  exhaust  flow  field  appears  in  Figure 
16.  The  amount  of  air  injected  corresponded  to  about 
doubling  the  stagnation  enthalpy  of  the  engine  flow. 

With  the  injection  air  on  (Runs  4  and  7)  the  minimum 
running  diffuser  throat  area  ratio  turned  out  to  be 

AST^AN  “  AS^  =  °'38'  Th's  corresponds  to  a  K2  value 
of  29.9  in  contrast  to  a  value  of  22,0  suggested  in 
Reference  10  for  open  jet  or  open  gap  configurations. 
During  one  run,  the  minimum  running  area  ratio  was 
obtained  with  no  injection  air  and  was  found  to  be 
0.30  («2  =  23.0).  This  indicated  that  the  exhaust 
plume  has  the  effect  of  causing  some  of  the  free  stream 
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flow  to  spill  into  the  bypass  diffuser;  that  this  is 
true  is  borne  out  later  in  a  comparison  between  the 
running  pressure  ratios  with  the  engine  model  in  and 
those  obtained  with  it  removed.  Apparently,  the 
spreading  of  the  exhaust  plume  causes  the  flow  over  the 
inlet  cowl  to  separate  from  the  surface.  This  deflects 
it  radially  into  the  bypass  diffuser.  During  the  test 
program  the  minimum  running  diffuser  throat  area  was 
found  at  a  significantly  reduced  test  Reynolds  number 
(P0  =  ^0  ps  i  ,  Tq  =  3000 °R  instead  of  the  customary 
PQ  =  1500  psi,  Tq  =  2000°R).  The  permissible  con¬ 
traction  was  affected  significantly  since  the  throat 
area  could  only  be  reduced  to  A ^ T/ ( A  ^  -  A$)  =  0.49 
(Run  10).  Whether  this  was  due  to  an  increase  in 
facility  nozzle  boundary  layer  thickness  or  to  the 
influence  of  Reynolds  number  on  cowl  boundary  layer 
separation  on  the  engine  model  is  uncertain. 

A  minimum  running  pressure  ratio  point  was  always 
obtained  near,  but  not  at,  the  minimum  running  bypass 
diffuser  throat  setting.  With  the  engine  model  in  and 
the  throat  set  at  A$T/(AN  -  Ag)  =  0.49,  a  pressure 
ratio  of  approx i mat e 1 y  1200  was  required  to  maintain 
flow  (Runs  5  and  8).  This  corresponds  to  a  normal 
shock  efficiency  of  5335.  At  a  diffuser  setting  of 
Ag-j-/{Ajg  —  A^ )  —  0.97  (Runs  3  and  6),  the  required 
pressure  ratio  was  1850  (t^s  =  34*).  For  all  of  the 
running  pressure  ratio  data,  the  overall  pressure 
ratio  and  bypass  diffuser  pressure  ratio  were  essen¬ 
tially  equal  since  the  mass  flow  ratio  between  the 
scoop  and  diffuser  did  not  result  in  significant 
ejector  action  on  mixing. 

The  average  corrected  efficiency  for  the  data  is 
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6535  as  shown  in  Figure  II.  As  mentioned  in  5.2.  1.1, 
the  diffuser  throat  constant  area  length  had  no  effect 
on  either  minimum  throat  areas  or  pressure  recoveries. 
At  reduced  Reynolds  number  ,  the  running  pressure  ratio 
required  was  only  slightly  higher  than  normal  for  the 
throat  setting  involved  {Run  11). 


S-2.2.2  Small  Engine  Modal  Installed 

With  the  small  engine  model  installed  (Runs  19, 

20,  and  21),  the  minimum  running  throat  area  was 
sensitive  to  the  quantity  of  air  injected  to  simulate 
combustion  when  that  quantity  exceeded  a  certain 
amount.  The  permissible  contraction,  AgT/(A^  -  A*,), 
varied  from  0.30  to  0.60  with  only  a  small  increase 
in  injection  air  flow.  Only  the  minimum  value  was 
used  in  the  correlation  shown  in  Figure  13, 

The  minimum  running  pressure  ratios  with  the 
small  engine  were  slightly  lower  than  those  obtained 
with  the  large  engine  model.  This  is  probably  due  to 
the  increase  in  potential  flow  through  the  bypass  dif¬ 
fuser  at  a  given  throat  setting.  At  a  throat  setting 
^ST^ ~  ^  ~  the  running  pressure  ratio 

was  1050  which  corresponds  to  a  normal  shock  efficiency 
of  0.60.  The  corrected  efficiency,  averaged  5835 
for  this  configuration. 

5.2.2. 3  Engine  Model  Out 

Removal  of  the  engine  model  eliminated  the  influ¬ 
ence  of  the  exhaust  plume  on  minimum  running  pressure 
ratio  and  minimum  running  diffuser  throat  area.  For 
the  larger,  basic,  scoop  size  the  running  pressure  ratio 
was  1100  at  Ag^/fA^  -  Ag)  =  0.50  with  the  engine  model 
installed.  Removal  of  the  engine  model  increased  the 
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minimum  running  pressure  ratio  to  1500,  which  corres¬ 
ponds  to  a  normal  shock  efficiency  of  0.42. 

With  the  engine  removed  and  the  smaller  scavenging 
scoop  size  the  running  pressure  ratios  were  somewhat 
improved  over  the  basic  scoop  performance  at  a  given 
diffuser  setting  because  more  flow  was  going  through 
the  bypass  diffuser.  At  ASJ/(AN  -  Ag)  =  0.50  (Run  17), 
for  example,  the  required  running  pressure  ratio  for 
the  smaller  scoop  size  was  1320  as  opposed  to  1500  for 
the  larger,  basic  scoop  design.  A  pressure  ratio  of 
1590  was  required  at  a  diffuser  throat  area  ratio  of 
0.86.  The  corrected  efficiencies  for  both  scavenging 
scoop  configurations  averaged  about  52%  which  is  some¬ 
what  lower  than  was  obtained  during  the  M  =  7  testing 
reported  in  Reference  10. 

The  presence  or  absence  of  the  engine  model  and 
exhaust  plume  did  not  have  a  consistent  effect  on  the 
minimum  running  diffuser  throat  area.  Ordinarily  one 
would  expect  the  exhaust  plume  to  limit  the  permissible 
contraction,  but  with  the  small  scavenging  scoop  the 
minimum  running  throat  area  was  smaller  with  the  engine 
model  installed  and  the  exhaust  plume  being  simulated 
(see  Figure  9).  With  the  larger  scoop  the  trend  was 
as  expected  with  the  minimum  running  throat  area 
Ast^n  ”  A^),  being  equal  to  0.39  with  the  model  in¬ 
stalled  and  equal  to  0.35  with  the  engine  model  re¬ 
moved  (Runs  7  and  13). 


5.2.3  Tests  with  100%  Bypass  Flaw  (Centerbody  Diffuser) 

An  attempt  was  made  in  Run  18  to  get  pressure  re¬ 
covery  and  diffuser  contraction  data  on  what  amounted 
to  a  zero  size  engine  and  scavenging  scoop  configuration 
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(see  Figure  2).  Instead  of  the  engine  and  scavenging 
scoop ,  this  conf i gurat ion  had  a  spike  centerbody  which 
drove  all  of  the  flow  into  the  bypass  diffuser.  A 
started  condition  could  not  be  obtained  in  the  two 
attempts  allotted  to  this  configuration.  The  in¬ 
ability  to  obtain  a  start  is  not  under stood  since 
the  available  overall  pressure  ratio  of  \  =  1900 
and  available  ( A^  -  Aj. )  =  0 . 80  wo  uld  ordinarily 

be  adequate. 

5.3  LIMIT  OF  SUBCRITICAL  OPERATION 

By  a  slight  modification  of  the  engine  model  in¬ 
ternal  geometry,  it  was  possible  to  add  enough  injection 
air  to  unstart  the  inlet,  that  is,  to  cause  subcritical 
operation.  During  one  test  (Run  9)  this  was  done  pur¬ 
posely  to  see  if  the  fac i 1 i ty  mode  1  would  remain  started 
with  the  inlet  terminal  shock  expelled.  From  the  re¬ 
corder  traces,  it  was  clear  that  no  stable  subcritical 
operation  was  attained.  Although  there  was  a  short 
finite  time  interval  between  the  instant  of  shock 
expulsion  and  unstart,  this  was  probably  due  to  the 
large  test  cabin  volume  which  had  to  be  filled  before 
nozzle  flow  breakdown  occurred. 


5.4  HEAT  TRANSFER  TO  THE  DIFFUSER  WALLS 

In  Reference  10,  a  constant  related  to  the  total 
temperature  drop  in  the  air  going  through  the  nozzle  and 
the  bypass  diffuser  was  defined  such  that 

To  ”  Texh  v  1  -  ANE'/AN  . 

—  3  — l — 7T  (5* 1 

o  wall  1  -  AS( i )/aN 
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From  the  M  -  7  tests,  K3  appeared  to  be  equal  to  approxi¬ 
mately  1.90.  In  the  currently  reported  tests,  however, 

K3  appeared  to  vary  between  1.30  and  1.50. 
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6.0  EMPIRICAL  EQUATIONS  FOR  PREDICTING  DIFFUSER  PERFORMANCE 

Except  for  the  empirical  factors  relating  starting 
pressure  recoveries  to  running  values,  the  empirical 
equations  presented  in  Section  6.0  of  Reference  10  for 
predicting  diffuser  performance  were  reasonably  well 
substantiated  by  the  M  =  11  test  results.  The  major 
change  involves  the  corrected  efficiency,  t|  ,  which 
averages  about  0.52  at  M  =  11  when  there  is  no  exhaust 
plume.  A  value  of  T|p  =  0.65  was  used  in  the  equations 
presented  in  Reference  10.  This  required  modification 
of  the  basic  running  pressure  ratio  equation  for  high 
Mach  number  (M  >  10)  testing  to 


P 


t 


2 


P 


t 


0 


0.84 

as/a 


N 


(_V.) 


(6.1) 


The  minimum  starting  diffuser  throat  area  was 
found  to  be  within  13J  of  the  theoretically  predicted 
value  for  the  engine  model  out  case  which  essentially 
verifies  the  open  gap  (open  jet)  results  reported  in 
Reference  10.  With  the  engine  model  installed,  the 
value  of  K1  went  up  to  1.31.  When  the  theoretical 
minimum  starting  throat  area  ratio  equation  is  sub¬ 
stituted  into  6.1,  an  equation  is  obtain ed  for  pre¬ 
dicting  the  best  recovery  attainable  with  a  fixed  by¬ 
pass  diffuser  having  no  gap  between  the  nozzle  and 
d i f fuser . 
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min  run 
f  i  xed  d i f f 


0.84 


( V) 

ant  an 


0.62  -I 


A-  _  A|  +  A. 


—  (6.2) 


*NE 


If  there  is  a  gap  between  the  nozzle  exit  and  diffuser 
shroud>  the  pressure  recovery  should  be  divided  by  1.13 
if  the  engine  model  is  out  and  by  1,31  if  the  engine 
model  is  installed. 

With  the  engine  out,  or  with  the  engine  installed 
and  no  air  injection  (combustion),  or  with  the  exhaust 
enclosed,  the  minimum  running  diffuser  throat  area  can 
be  estimated  by  using  the  following  equation  for  the  no 
gap  case.  The  result  should  be  multiplied  by  1.57  for 
the  open  gap  case. 


ast  'j 

- - - /min  run  = 

17.  5  j 

-“We 

- E.  +.  i 

(Po/P,  ) 

L  2  1  sep 

n  +  ^ 
an 

AN  **  AS  adjustable 

(— ) 

Che) 

o 

_  ^s) 

i 

> 

—i 

AN  ' 

1 

an 

Multiply  this  by  1.75  if  the  engine  is  operating 
and  the  exhaust  plume  is  exposed  as  it  was  in  the  current 
testing.  See  Figure  8  for  the  separation  pressure  rise 
ratio. 

This,  then,  can  be  substituted  into  6.1  to  give  a 
relationship  for  estimating  running  pressure  recover i es 
with  an  adjustable  diffuser  and  a  closed  gap  {closed  jet). 
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■o 


min  run 
adjustable 


0.048 


£l) 

(ane) 

0.4 

/  _ 

-  ant 

an  _ 

< 

[t 

AN£//AN  " 

This  again  is  for  the  closed  gap  case.  For  an  open  gap, 
divide  this  by  1.57  or  1.75,  as  the  case  may  be,  to 
account  for  the  particular  test  situation  which  is 
applicable.  With  simulated  combustion,  the  corrected 
efficiencies  were  closer  to  those  found  during  the 
Phase  1  testing  and  the  equations  presented  in  Reference 
10  provide  a  good  estimate  of  performance. 

The  equations  above  correlate  the  data  for  the 
current  test  series.  To  provide  a  single  set  of  equa¬ 
tions  covering  a  wide  range  of  Mach  numbers  with  reason¬ 
able  accuracy,  one  can  average  the  empirical  constants 
used  above  with  those  presented  in  Reference  10. 
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7.0  CONCLUSIONS 

1.  The  running  corrected  efficiency  for  the  tests  made 
with  the  engine  model  removed  averaged  52 $  which  is 
lower  than  the  average  of  60$  obtained  during  the 

M  =  7  tests  reported  in  Reference  10. 

2.  With  the  large  engine  model  installed  and  combus¬ 
tion  simulated,  the  running  corrected  efficiency 
averaged  65$  because  the  exhaust  plume  caused 
spillage  of  flow  into  the  bypass  diffuser,  i.e., 
the  actual  bypass  flow  was  greater  than  estimated. 

3.  With  the  reduced  size  engine  model  installed,  the 
running  corrected  efficiency  averaged  59$. 

4.  None  of  the  diffuser  performance  parameters  were 
influenced  by  the  diffuser  constant  area  length 
within  the  range  tested. 

5.  Reynolds  number  appeared  to  have  a  significant 
effect  on  minimum  running  throat  area  (the  higher 
the  Re  the  more  contraction  was  possible). 

6.  To  insure  consistent  starting  with  the  engine  model 
removed,  it  was  necessary  to  make  the  scavenging 
scoop  into  a  reasonably  efficient  inlet  with  a 
spike  and  a  fairly  large  contraction. 

7.  8 y  mixing  the  bypass  and  scavenging  scoop  flows  in 

an  ejector  downstream  of  the  diffuser,  it  is  possible, 
in  some  instances,  to  make  the  overall  starting  pres¬ 
sure  ratio  considerably  lower  than  the  pressure  ratio 
across  the  bypass  diffuser. 

8.  No  stable  operation  was  obtained  with  the  inlet 
terminal  shock  expelled. 
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TABLE  1.  BASIC  RUN  PROGRAM 


(not  complete  or  in  same 
chronological  order  as  tests) 


Run 

Eng. 

Model 

Bypass 

Di  ff. 
Length 

Scav. 

Scoop 

0  i  am. 

Po 

ps  i  a 

To 

°R 

Run  Description 

1 

Large 

Long 

12" 

1500 

2000 

Shakedown 

2 

Large 

Long 

12" 

1500 

2000 

Exhaust  Simulation  Air 
Supply  Determination 

3 

Large 

Long 

12" 

1500 

2000 

[AST/fAN  -  AS3start’  Xmin 

4 

Large 

Long 

12" 

1500 

2000 

XstartJ  fAST^AN  '  Aslnin 

run 

5 

Large 

Long 

12" 

1500 

2000 

Xstar t  *  Xmi n  opt 

6 

Large 

Short 

12" 

1500 

2000 

iAST^AN  '  Ms  tart'  Xmin 

7 

Large 

Short 

12" 

1500 

2000 

Xstart'  EASt4an  "  Mmin 

run 

8 

Large 

Short 

12" 

1500 

2000 

Xstart’  Xm i n  opt 

9 

.Large 

Opt imum 

12" 

1500 

2000 

Limit  of  Subcr i t i ca  1 
Operat i on 

10 

Large 

Opt  imum 

12" 

500 

3000 

f-AST^AN  AS^min  run 

at  Low  Re 

I  1 

Large 

Opt i mum 

12" 

500 

3000 

Xmin  opt  at  Low  Re 

12 

Out 

Optimum 

12" 

1500 

2000 

frsT^N  ~  AsSstartJ  Xmin 

13 

Out 

Opt imum 

12" 

1500 

2000 

XstartJ  CAST^AN  *  Mmin 

run 

14 

Out 

Opt imum 

12" 

1500 

2000 

Xstart ’  Xmi n  opt 

15 

Out 

Opt imum 

10" 

1500 

2000 

[ast^An  -  AsJstaft,  \min 

16 

Out 

Opt imum 

10" 

1500 

2000 

xstart'  [ast<AN  "  Mmin 

run 

17 

Out 

Opt imum 

10" 

1500 

2000 

Xstart ‘  Xmi n  opt 

18 

Out 

Opt i mum 

Spike 

On  1  y 

1500 

,  2000 

Wou  Idn ( t  Start 
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Ru  n 

Eng. 

Model 

Bypass 

Di  ff. 
Length 

Scav. 

Scoop 

0  i  am. 

P 

0 

PS  i  a 

T 

0 

°R 

Run  Oescr i pt i on 

19 

Small 

Opt i mum 

10" 

1500 

2000 

tAST^AN  ’  AS^start 1  Xmin 

20 

Sma  1 1 

Optimum 

10" 

1500 

2000 

Xstart'  CAST^AN  "  Aslnin  run 

21 

Sma  1 1 

Opt imum 

10" 

1500 

2000 

XstartJ  Xmin  opt 

22 

Out 

Opt imum 

12" 

1500 

2000 

Study  of  Flow  Situation 
in  Scavenging  Scoop  Exit 
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TABLE  2,  BAtJC  INSTRUMENTATION 


Measurement 

1 nst  rument 

Manu  facturer 

Range 

Accuracy 

Within 

Nozzle  stagn  press 

gauge 

Helicoid 

0-2000  psia 

+  5  psi 

Nozzle  stagn  temp 

unsh i e lded  T-C 

Nozzle  exit  press 

transducer 

Hast i ngs-Rayd i st 

0-20  mmhga 

+  2* 

Test  cabin  press 

transducer 

Hast i ngs-Rayd i st 

0-20  mmhga 

t  2* 

Inlet  spike  pitot 
pressure 

transducer 

Statham 

0-50  psia 

+  .05  psi 

Inlet  spike  static 
pressure 

transducer 

Hast i ngs-Rayd i st 

0-20  mmhga 

±  2* 

Inlet  throat  press 

transducer 

Statham 

0-  10  psia 

+  1/4*  of  F.S. 

Inlet  recovery 
pressure 

transducer 

Consolidated  Electro- 
d  ynam i cs 

+  25  psid 

+  1/4*  of  F.S. 

Exhaust  nozzle  throat 
static  pressure 

transducer 

St  a  t ham 

0-50  psia 

_+  .05  psi 

Exhaust  plug  static 
pressure 

transducer 

Hast  i  ngs-Rayd i st 

0-20  mmgha 

±  2* 

Inject  ion  air  stagn 
pressure 

gauge 

ACCO 

-30  hg- 1 50  ps  i  g 

+  2  ps  i 

D i  f  fuser  entrance 
static  pressure 

transducer 

Statham 

+  1  psid 

+  2* 

0 i ff user  throat 
static  pressure 

transducer 

H i d  yne 

0  -  1/2  ps i a 

+  2*  of  F.S. 

CO 
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CO 

4^ 


Measurement 

1  ns  t  r ument 

Manufacturer 

Diffuser  exit 
stagn  pressure 

transducer 

Statham 

Range 

0  —  5  psia 


0 i ff user  ex  i  t 
stagri  temp 


shielded  T-C  Rosemount  Eng. 


3000 °R 


Mixing  tube  exi t 
stagn  pressure 


transducer 


Consolidated  Electro-  +  25  psid 
dynami cs 


Accuracy 
Wi  thin 

+  1/4*  of  F.S. 

±  '* 

+  1/4*  of  F.S. 
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Reduced  Size  Engine  Model  and  Scoop 


>T*fs; 


a -ITT 


8EI-9»-«i-303V 


UPSTREAM  VIEW 


DOWNSTREAM  VIEW 


ENGINE  MODELS 


Fig.  3  Facility  and  Engine  Model  Photos 
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Tap  No. 

- - - 

Oescr 1 pt  1  on 

Tap  No. 

Description 

2,7,4 

Inltt  aplke  atatlca 

9,10 

Inlet  throat  atatlca 

5 

air  Injection  total  preaaurt 

1 1 

Inlet  throat  pitot 

6 

exhaust  throat  atatlca 

21-26 

diffuser  throat  atatlca 

7 

exhaust  plug  atatlca 

- -  ■ 

— 

Fig.  7  Location  of  Engine  Model  and  Diffuser  Instrumentation 
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Fig.  8  Ratio  «)  Separation  Pressure  Rise  Ratio  to  Oblique  Shock  Pressure 
Rise  Rctio  for  Turning  Angle  0C  versus  Mach  Number 
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3000 


A  Large  Engine  4  Scoop 
£  Large  Engine  at  Low  Re 

Q  Small  Engine  4  Scoop  _ 

□  Large  Scoop,  Engine  Out 
O  Sma  I  1  Scoop,  Engine  Out  ““ 
A  Short  Diffuser  Throat  _ 
A  Long  Diffuser  Throat 
A  Running 

A  Starting  (Across  Diffuser) 
A  Starting  (Overa 1 1 ) 


Ratio 

X 


Min  Starting  ThjroatJ  Arda 


M i  nj  Running!  Thrbat  |Are« 


0  .1  .2  .3  .4  .5  .6  .7  .8  .9  1.0  1.1  1.2  1.3  1.4  1.5 

AST^AN  "  AS* 


Fig.  9  Diffuser  Starting  and  Operating  Pressure  Ratios  versus  Diffuser  Throat  Setting 
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A  Large  Engine  &  Scoop 
&  Large  Engine  at  Low  Reynolds  No 
D  Small  Engine  &  Scoop 
□  Large  Scoop,  Engine  Out 
O  Small  Scoop,  Engine  Out 


A  Short  Diffuser  Throat 
'A  Long  Diffuser  Throat 


A  Running 

A  Starting  (Across  Diffuser 
A  Starting  (Overall) 


•2  •  3  .4  .5  .6  .7  .8  .9  1.0  1.1  1.2  1.3  1.4  1.5 

AST^AN  "  AS* 

Fig.  10  Diffuser  Normal  Shock  Efficiency  versus  Diffuser  Throat  Setting 
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AST^AN  ■  V 

Fig.  11  Diffuser  Corrected  Efficiency  versus  Diffuser  Throat  Setting 
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Fig.  12  Minimum  Storting  Diffuser  Throat  Area  Correlation  versus 
Scavenging  Scoop  to  Nozzle  Exit  Area  Ratio 


A  EDC-T  R-66-1  38 


Fig.  13  Minimum  Running  Diffuser  Throat  Area  Correlation  versus 
Scavenging  Scoop  to  Nozxle  Exit  Area  Ratio 
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Test  Cabin  Pressure  .000016 


Wot •:  Pressures  given  as  ratio  of  local 
to  free  stream  stagnation  pressure 


Fig.  14  Local  Pressures  on  Engine  Model 
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INLET  FLOW  FIELD 


EXHAUST  FLOW  FIELD 

Fig.  16  Schlieren  Flow  Photos 
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